Background: Genome-wide association studies (GWAS) have largely focused on 18
contributions in the six populations from the Americas (AFR/AMR and AMR) using 163 principal components analysis (PCA) and ADMIXTURE (Figure 1B-C). We find widely 164 varying African, European, and Native American ancestry proportions in the ACB, ASW, 165 CLM, MXL, PEL, and PUR populations (Table 1) from 1000 Genomes (mean of 3.1%, and 9 samples with >5%, including NA19625, 176 NA19921, NA20299, NA20300, NA20314, NA20316, NA20319, NA20414, and 177 NA20274) [52, 62] . Interestingly, one ASW individual has no African ancestry 178 (NA20314, EUR= 0.40, NAT=0.59) but is the mother of NA20316 in an ASW duo with 179 few Mendelian inconsistencies. The ancestry proportions of NA20316 (EUR=0.30, 180 NAT=0.29, AFR=0.41) suggest that his father mostly likely has ~80% African and ~20% 181
European ancestry, similar to other ASW individuals. We also find evidence of East 182
Asian admixture in several PEL samples (39% in HG01944, 12% in HG02345, 6% in 183 HG0192, 5% in HG01933, and 5% in HG01948). Consistent with the autosomal 184 . CC-BY-NC 4.0 International license peer-reviewed) is the author/funder. It is made available under a
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/070797 doi: bioRxiv preprint first posted online Aug. 23, 2016; evidence, the Y chromosome haplogroup for HG01944 (Q1a-M120) clusters most 185 closely with two KHV samples and other East Asians rather than the Q-L54 subgroup 186 expected in samples from South America [63] . 187
188

Local ancestry provides insight into recent admixture events in the Americas 189
The genomes of recently admixed samples from the Americas contain information about 190 both continental and sub-continental origins [31, 37, 64 , 65], which we investigated by 191 identifying local ancestry tracts (Methods, Figure S1 ). As proxy source populations for 192 the recent admixture, we used European and African continental samples from the 1000 193
Genomes Project as well as Native Americans genotyped previously [66] . Concordance 194 between global ancestry estimates inferred using ADMIXTURE and RFMix was typically The distribution of continuous ancestry tracts (i.e. lengths of unbroken segments from 206 one ancestry) provides insight into the time-dependent migration rates from multiple 207 . CC-BY-NC 4.0 International license peer-reviewed) is the author/funder. It is made available under a
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/070797 doi: bioRxiv preprint first posted online Aug. 23, 2016; source populations. We used Tracts [67] to infer admixture events from ancestry tracts 208 in the ACB and PEL ( Figure S3A-B) . The best fit model (log-likelihood=-307.1 compared 209 to -320.3 and -433.0 for next two best models) for the PEL begins ~12 generations ago, 210 which is slightly more recent than for insular and Caribbean mainland populations 211 ( Figure S3C ). For example, admixture in Colombian and Honduran mainland 212 populations was previously inferred to have begun 14 generations ago, whereas 213 admixture in Cuban, Puerto Rican, Dominican, and Haitian populations began 16-17 214 generations ago [37] . There is minimal African ancestry (2.9%), some European 215 ancestry (37.6%) and primarily Native ancestry (59.4%) in the first pulse of admixture, 216
followed by a later pulse ~5 generations ago of additional primarily Native ancestry 217 (91.1%). This later pulse of primarily Native ancestry is unique to the PEL compared to 218 other admixed Americas populations [37] . 219
220
The best fit model for the ACB was an initial pulse of admixture between Europeans and 221
Africans followed by a later pulse of African ancestry ( Figure S3D ). This model was 222 nearly indistinguishable from the next best fit model: a single pulse of admixture 223 between Europeans and Africans beginning ~8 generations ago (log-likelihood = -276.8 224 vs -280.2). The best model indicates that admixture in the ACB began ~8 generations 225 ago with the initial pulse containing 87.4% African ancestry and 12.6% European 226 ancestry. The second pulse of African ancestry began ~5 generations ago and had only 227 a minor overall contribution (4.4% of total pulse ancestry), which is consistent with either 228 a later small pulse of African ancestry or movement of populations within the Caribbean. 229
The admixture events we infer in the ACB are more recent than previous ASW and 230 European ancestry on the X chromosome in each of the AMR populations (p < 1e-4) 290 and an excess of Native American ancestry (p<1e-2, Table 2 and Figure 3B ). There is 291 no significant excess/depletion of African ancestry in AMR populations, likely owing to 292 limited African ancestry proportions and sample sizes, as larger and more 293 heterogeneous population surveys have identified an X chromosome excess in Latinos 294
[74]. Across admixed individuals of African descent, European ancestry is significantly 295 depleted on the X chromosome in aggregate across the ACB and ASW populations 296 (p=1.03E-03, Figure 3A) as has been seen previously in larger studies [52, 74] . 
Transferability of GWAS findings across populations 331
To quantify the transferability of European-biased genetic studies to other populations, 332
we next used published GWAS summary statistics to infer polygenic risk scores across Africans, East Asians, and Europeans [9]. We specified "causal" alleles and effect sizes 359 randomly, such that each causal variant has evolved neutrally and has a mean effect of 360 zero with the standard deviation equal to the global heritability divided by number of 361 causal variants. We then computed the true polygenic risk for each individual as the 362 product of the effect sizes and genotypes, then standardized the scores across all 363 individuals. We calculated the total liability as the sum of the genetic and random 364 environmental contributions, then identified 10,000 European cases with the most 365 extreme liabilities and 10,000 other European controls. We then computed Fisher's 366 exact tests with this European case-control cohort, then quantified inferred polygenic 367 . CC-BY-NC 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/070797 doi: bioRxiv preprint first posted online Aug. 23, 2016; risk scores as the sum of the product of genotypes and log odds ratios for 10,000 368 samples per population not included in the GWAS. 369
370
In our simulations, most variants are rare and population-specific; "causal" variants are 371 sampled from the global site frequency spectrum, resulting in subtle differences in true 372 polygenic risk across populations ( Figure S9 ). We mirrored standard practices for 373 performing a GWAS and computing polygenic risk scores (see above and Methods). 374
We find that the correlation between true and inferred polygenic risk is generally low 375 between true and inferred polygenic risk increase with increasing heritability while the 384 standard deviation of these correlations significantly decreases (p=0.05); however, there 385 is considerable within-population heterogeneity resulting in high variation in scores 386 across all populations. We find that in these neutral simulations, a polygenic risk score 387 bias in essentially any direction is possible even when choosing the exact same causal 388 variants, heritability, and varying only effect size (i. 
even a small number of African American samples were included in control cohorts [89] . 415
At the highly complex end of the polygenicity spectrum, we and others have shown that 416 the utility of polygenic risk inferences and the heritable phenotypic variance explained in 417 diverse populations is improved with more diverse cohorts [84, 90] . Nigeria. Admixture mapping has been successful at large sample sizes for identifying 436 . American populations. Imputation accuracy is also stratified across diverged ancestries, 447 including across local ancestries in admixed populations. With decreased imputation 448 accuracy especially on Native American tracts, there is decreased power for potential 449 ancestry-specific associations. This differentially limits conclusions for GWAS in 450 admixed population in a two-pronged manner: the ability to capture variation and the 451 power to estimate associations. 452
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As GWAS scale to sample sizes on the order of hundreds of thousands to millions, 454 genetic risk prediction accuracy at the individual level improves [94] . However, we show 455 that the utility of polygenic risk scores computed using GWAS summary statistics are 456 dependent on genetic similarity to the discovery cohort. Polygenic risk computed from a 457 single-ancestry study cohort can be biased in essentially any direction across diverse 458 populations simply as a result of drift, limiting their interpretability. Directional selection 459 .
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The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/070797 doi: bioRxiv preprint first posted online Aug. 23, 2016; is expected to bias polygenic risk inferences even more. This study demonstrates the 460 utility of disentangling ancestry tracts in recently admixed populations for inferring 461 recent demographic history and identifying ancestry-stratified analytical biases to date; 462 we also motivate the need to include more ancestrally diverse cohorts in GWAS to 463 ensure that health disparities arising from precision medicine initiatives in genetic risk 464 prediction do not become pervasive in individuals of admixed and non-European 465
descent. 466 467
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true and inferred polygenic risk scores across differing genetic architectures, including 543 m=200, 500, and 1,000 causal variants. The "ALL" population correlations were 544 performed on population mean-centered true and inferred polygenic risk scores. 
Availability of data and materials 548
Local ancestry calls are available at the following ftp site: 549 https://personal.broadinstitute.org/armartin/tgp_admixture/. Scripts used to process data 550 from this manuscript are available here: https://github.com/armartin/ancestry_pipeline/. 551
We used SHAPEIT2 (v2.r778) was used for phasing. RFMix v1.5.4 was used for local 552 ancestry calls. PCAmask was used for ancestry-specific PCA and is available here: 553 https://sites.google.com/site/pcamask/dowload. Tracts, used for demographic inference, 554 is available here: https://github.com/sgravel/tracts. Msprime used for coalescent 555 simulations is available here: https://github.com/jeromekelleher/msprime. 556 557 2016; trace.ncbi.nih.gov/1000genomes/ftp/release/20130502/supporting/shapeit2_scaffolds/w 562 gs_gt_scaffolds/. We phased the Native American reference haplotypes using 563 SHAPEIT2 (v2.r778) [95] . We merged the haplotypes using scripts made publicly 564 available (https://github.com/armartin/ancestry_pipeline). These combined phased 565 
Methods 558
Ancestry deconvolution
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Ancestry-specific PCA 579
We performed ancestry-specific PCA, as described in [37] (PCAmask software available 580 here: https://sites.google.com/site/pcamask/dowload). The resulting matrix is not 581 necessarily orthogonalized, so we subsequently performed singular value 582 . CC-BY-NC 4.0 International license peer-reviewed) is the author/funder. It is made available under a
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/070797 doi: bioRxiv preprint first posted online Aug. 23, 2016; decomposition in python 2.7 using numpy. There were a small number of major outliers, 583 as seen previously [37] . There was one outlier (ASW individual NA20314) when 584 analyzing the African tracts, which was expected as this individual has no African 585
ancestry. There were 8 outliers (PUR HG00731, PUR HG00732, ACB HG01880, ACB 586 HG01882, PEL HG01944, ACB HG02497, ASW NA20320, ASW NA20321) when 587 analyzing the European tracts. Some of these outliers had minimal European ancestry, 588
had South or East Asian ancestry misspecified as European ancestry resulting from a 3-589 way ancestry reference panel, or were unexpected outliers. As described in the 590
PCAmask manual, a handful of major outliers sometimes occur, and AS-PCA is an 591 iterative procedure. We therefore removed the major outliers for each sub-continental 592 analysis and orthogonalized the matrix again. 593
594
Tracts 595
The RFMix output was collapsed into haploid bed files, and an "UNK" or unknown 596
ancestry was assigned where the posterior probability of a given ancestry was < 0.90. 597
These collapsed haploid tracts were used to infer admixture timings, quantities, and 598
proportions for the ACB and PEL (new to phase 3) using Tracts [67] . Because the ACB 599 have a very small proportion of Native American ancestry, we fit three 2-way models of 600 admixture, including one model of single-and two models of double-pulse admixture 601 events, using Tracts. In both of the double-pulse admixture models, the model includes 602 an early mixture of African and European ancestry followed by another later pulse of 603 either European or African ancestry. We randomized starting parameters and fit each 604 model 100 times and compared the log-likehoods of the model fits. The single-pulse 605 . CC-BY-NC 4.0 International license peer-reviewed) is the author/funder. It is made available under a
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608
We next assessed the fit of 9 different models in Tracts for the PEL [67], including 609 several two-pulse and three-pulse models. Ordering the populations as NAT, EUR, and 610 AFR, we tested the following models: ppp_ppp, ppp_pxp, ppp_xxp, ppx_xxp, 611 ppx_xxp_ppx, ppx_xxp_pxx, ppx_xxp_pxp, ppx_xxp_xpx, and ppx_xxp_xxp, where the 612 order of each letter corresponds with the order of population given above, an 613 underscore indicates a distinct migration event with the first event corresponding with 614 the most generations before present, p corresponding with a pulse of the ordered 615 ancestries, and x corresponding with no input from the ordered ancestries. We tested all 616 9 models preliminarily 3 times, and for all models that converged and were within the 617 top 3 models, we subsequently fit each model with 100 starting parameters 618
randomizations. 619 620
Imputation accuracy 621
Imputation accuracy was calculated using a leave-one-out internal validation approach. 622
Two array designs were compared for this analysis: Illumina OmniExpress and 623
Affymetrix Axiom World Array LAT. Sites from these array designs were subset from 624 chromosome 9 of the 1000 Genomes Project Phase 3 release for admixed populations. 625
After fixing these sites, each individual was imputed using the rest of the dataset as a 626 reference panel. 
Empirical polygenic risk score inferences 635
To compute polygenic risk scores in the 1000 Genomes samples using summary 636 statistics from previous GWAS, we first filtered to biallelic SNPs and removed 637 ambiguous AT/GC SNPs from the integrated 1000 Genome callset. To take LD into 638 account when multiple significant p-value associations are in the same region in a 639 GWAS, we used a greedy algorithm that orders SNPs by p-value, then selectively 640 removes SNPs within close proximity and LD in ascending p-value order (i.e. starting 641 with the most significant SNP). To perform the greedy p-value pruning to get relatively 642 independent associations, we used the --clump option in plink [97] where the normal distribution is specified by the mean and standard deviation (as in 661 python's numpy package). For all other non-causal sites, the effect size is zero. We 662 then define X as: 663 664 where the g i are the genotype states (i.e. 0, 1, or 2). To handle varying allele 665 frequencies, potential weak LD between causal sites, ensure a neutral model with 666 random true polygenic risks with respect to allele frequencies, and to obtain the total 667 desired variance, we normalize X as: 668
669
We then compute the true polygenic risk score, as: 670
671
. CC-BY-NC 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/070797 doi: bioRxiv preprint first posted online Aug. 23, 2016; such that the total variance of the scores is h 2 . We also simulated environmental noise 672 and standardize to ensure equal variance between normalized genetic and 673 environmental effects before, defining the environmental effect E as: 674 675 such that the total variance of the environmental effect is 1 -h 2 . We then define the 676 total liability as: 677
678
We assigned 10,000 European individuals at the most extreme end of the liability 679 threshold "case" status assuming a prevalence of 5%. We randomly assigned 10,000 680 different European individuals "control" status. We ran a GWAS with these 10,000 681 European cases and 10,000 European controls, computing Fisher's exact test for all 682 sites with MAF > 0.01. As before for empirical polygenic risk score calculations from real 683 GWAS summary statistics, we clumped these SNPs into LD blocks for all sites with p ≤ 684 1e-2, R 2 ≥ 0.5 in Europeans, and within a window size of 250 kb. We used these SNPs 685 to compute inferred polygenic risk scores as before, summing the product of the log 686 odds and genotype for the true polygenic risk in a cohort of 10,000 simulated European, 687
African, and East Asian individuals (all not included in the simulated GWAS). We 688 compared the true versus inferred polygenic risk scores for these individuals across 689 varying complexities (m = 200, 500, 1000) and heritabilites (h 
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